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(b) at least two of: 

(i) crystalline A^O,!, 

(ii) first crystalline complex AI2O3Y2O3, or 
(lit) second, different, crystalline complex AizOj^C^, wherein said fused crystalline 

abrasive particles comprise at least 50 percent by volume, based on the total metal oxide 
volume of the respective particle, of said eutectic material, wherein the abrasive pjurticlcs 
comprising, on a theoretical oxide basis, at least 40 percent by weight AI2O3, base<l on the 
total metal oxide content of the respective particle, and wherein a portion of said complex 
AhOa^O* Y cations are substituted with at least one cation selected from the fol owing 
cations: Ce v Dy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sm, Th, Tm, and Yb. 



said 
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coarse, 
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bbscd on the 
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IS. A plurality of abrasive particles having a specified nominal grade, 
plurality of abrasive particle having a particle size distribution ranging from fine 
wherein at least a portion of said abrasive particles is a plurality of fused, crystal I i 
particles, said fused abrasive particles comprising at least 20 percent by volume, 
total metal oxide volume of the respective particle, eutectic material, wherein said eutectic 
material comprises eutectic of at least: 

(a) crystalline Z1O2 and 

(b) at least two of: 

(i) crystalline AbO^ 

(ii) first crystalline complex AI2O3 Y2O3, or 
(iii) second, different, crystalline complex AI2O3Y2O3* wherein said fused, 

abrasive particles comprise at least 50 percent by volume, based on the total metal 
volume of the respective particle, of said eutectic material, wherein the abrasive particles 
comprising, on a theoretical oxide basis, at least 40 percent by weight AI2O3; hasetf 
total metal oxide content of the respective particle, and wherein a portion of said 
Al 2 0 3 'Y 2 03 Y cations are substituted with at least one cation selected from the fol 
cations: Fe, Ti, Mn, V, Cr, Co, Ni, Cu, Mg, Ca, and Sr, 




Remarks 

Claims 13-1 5 have been amended. Claims 2-28, 30-35, 41, and 44-89 are bending. 
Examination and reconsideration of the application as amended is requcstc i 
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New Matter Rejection 

It is stated in the Office Action that: 

The amendment filed 1/22/02 lo page 41 of the specification [(which is 
the same as the amendment filed 12/28/00) is objected to under 25 [U.S.C. 132 
because it introduces new matter into the disclosure. « . , 
The added material which is not supported by the original 
disclosure is as follows: 

The amendment to page 41, line 22 which changed the width 
of the phases in figure 9 from "up to about 1 micrometer' 1 to "up 
to about 2 micrometers" is new matter because the specification 
does not provide support for this. Applicant states that support for 
this amendment can be found in figure 9. The examiner fails to 
see how this figure provides support for this amendment. 

Applicants state that the amendment filed 1/22/02 
amends the paragraph on page 41 to define the original, as file 
text. To the contrary, the original, as filed text states that the 
section as a size up to about 1 micrometer. The amendment in 
question defines a size of "up to about 2 micrometers" which is 
not the originally filed text Applicants also state that the 
scanning electron photomicrograph speaks for itself (i.e. 
assuming this is referring to the size). The examiner disagrees 
because a size can nut be deciphered from this 
photomicrograph. 

Applicant is required to cancel the new matter in the 
reply to this office Action . 



;tli 



to 

response did 
e 

Office 
ion 
in view 



Although it was intended in the previous response to amend the text in question 
provide the original, as-filed, text, it appears that the amendment in the previous 
not do so. Hence in the instant paper the intended amendment is made, which is 
amendment requested by the Examiner. Although there is disagreement in the cuitent 
Action that the widths of the phases referred to on page 4 1 , lines 2 1 -22 of the specSficati 
cannot be determined from FIG. 9, resolution of such disagreement is not necessary 
of the instant amendment and that FIG. 9 remains part of the disclosure of the instynt 
application. 

S 112» Second Paragraph Rejections 

-Previous Indefinite Rejection: 

Claims 46, 50, 5 1 and 52 continue to be rejected under 35 U.S.C. § 1 12, second 
paragraph* as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which Applicant regards as the invention. 
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Claims 46 and 52 are said to be indefinite because it is alleged that "the converting 
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0 to page 
converting 



particles or 



step" is unclear. The converting step is said to be indefinite because page 1 8, line 
20, line 3 docs not clearly define that the limitation defined on these pages are the > 
step. 

Referring to pages page 1 8, line 10 to page 20, line 3, such disclosure includes (a) 
cooling the melt and than crushing the resulting solid material to provide abrasive | 
(b) pouring the melt into molds having the desired size and shape of the abrasive f articles and 
then cooling the melt. The "converting" the melt into said fused, crystalline abrasive 
particles is intended to generically cover various ways that the melt can be transformed into 
the abrasive particles, including by cooling the melt and than crushing the resultin \ 
material to provide abrasive particles or by pouring the melt into molds having the < 
size and shape of the abrasive particles and then cooling the melt. Hence it is submitted that 
the use of the tern "converting" in claims 46 and 52 is clear. 

In summary* Applicant submits the rejection of claims 46 and 52 under 35 
1 12, second paragraph, should be withdrawn. 



I solid 
desired 



U.S.C. § 



-New Indefinite Rejections 

Claims 81, 84, 85 and 89 stand rejected under 35 U.S.C. §112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subjccij matter 
which Applicant regards as the invention. 

Claims 81, 84, 85 and 89 are said to be indefinite because it is said to be unclear as to 
what "mile steel" and "tool steel" encompass. 

With regard to "mild steel", enclosed is a copy of page 1-26 of Metals Handbook . 



Desk Edition, American Society For Metals, 1985, which defines "mild steel" as carbon steel 
with a maximum of about 0.25% C (for the definition of "carbon steel" see the enclosed copy 
of page 1-7 of the Metals Handbook V 

With regard to "tool steel" enclosed is a copy of page 1-39 of the Metals Handbook . 



: and 
fbning 



which defines "tool steel" as any of a class of carbon and alloy steels used to make 
This definition goes on to say that tool steels are characterized by high hardness 
resistance to abrasion, often accompanied by high toughness and resistance to so 
evaluated temperature, and that these attributes are generally attained with high caj'bon 
alloy steels. Also enclosed is page 1 8-1 of the Metals Handbook, which includes 
of tool steel. 
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It is submitted that in view of the above, the use of the terms "mild steeP 4nd "tool 
steel" is sufficiently clear in the context used* and that this rejection should be withdrawn 



teii 



(Waku 



SI 03 Rejections 

Claims 2-12, 16-19, 20-28, 30-35, 41, 44-52 and 75-80 stand rejected und^r 
§ 103(a) as being unpatentable over U.S. Pat. No. 5,981,415 (Waku et al.) (the rej 
claims 5-8, 20, 26, and 32 being a new rejection). Claims 53-74 and 81-89 stand 
under 35 U.S.C. § 103(a) as being unpatentable over U.S. Pat No. 5,981,415 
view of U.S. Pat. No. 4,035,162 (Brothers et ah). 

The rejections of claims 2-12, 16-19, 20-28, 30-35 41, 44-52 and 75-80 
U.S.C. §103 as being unpatentable over '415 (Waku et al.), and claims 53-74 and 
'415 (Waku et al.) in view of* 1 62 (Brothers et al.), should be withdrawn. 

In one aspect, Applicant claims, in claim 41, a plurality of abrasive particles 
specified nominal grade, the plurality of abrasive particle having a particle size 
ranging from fine to coarse, wherein at least a portion of the abrasive particles is a 
fused, crystalline abrasive particles, the fased abrasive particles comprising at least 
percent by volume, based on the total metal oxide volume of the respective partielp, 
material, wherein the eutectic material comprises eutectic of at least: 

(a) crystalline 7xOz and 

(b) at least two of: 

(i) crystalline AI2O3, 

(ii) first crystalline complex AbOj^O?, or 

(iii) second, different, crystalline complex Al203*Y203 
In another aspect, Applicant claims, in claim 46, a method for making fuse^J 

crystalline abrasive particles comprising at least 20 percent by volume, based on 
volume of the respective particle, eutectic material, wherein the eutectic material 
eutectic of at least (a) crystalline Z1O2 and (b) at least two of (i) crystalline AlaOj, 
crystalline complex AbOj^Oi, or (iii) second, different, crystalline complex Al 2 
the method comprising: 

melting at least one AI2O3 source, at least one Y2O3 source, and at 
Zr0 2 source to provide a melt; * 

converting the melt to the fused, crystalline abrasive particles; and 
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grading the fused, crystalline abrasive particles to provide plurality of abrasive 
particles having a specified nominal grade, the plurality of abrasive particle havind a particle 
size distribution ranging from fine to coarse, wherein at least a portion of the abrasive 
particles is a plurality of the fused, crystalline abrasive particles. 

In another aspect, Applicant claims, in claim 53, an abrasive article compnjsmg 
binder and a plurality of abrasive particles, wherein at least a portion of the abrasive 
are fused, crystalline abrasive particles comprising at least 20 percent by volume, 
the total volume of the respective particle, eutcclte material, wherein the eutectic rfratcriiil 
comprises eutectic of at least: 

(a) crystalline Zr(>2 and 

(b) at least two of: 

(i) crystalline AI2O3, 

(ii) first crystalline complex AI2CVY2O3. or 

(iii) second, different, crystalline complex AI2O3Y2O3. 
In another aspect, Applicant claims, in claim 6 1 , a vitrified bonded abrasiv^ 

comprising a plurality of abrasive particles bonded together via vitrified bonding 
wherein at least a portion of the plurality of abrasive particles are fused, crystalline 
particles comprising at least 20 percent by volume, based on the total volume of the 
respective particle, eutectic material, wherein the eutectic material comprises eutectic of at 
least: 

(a) crystalline Z1O2 and 

(b) at least two of: 

(i) crystalline AI2O3. 

(ii) first crystalline complex AItPj^Oj, or 

(iii) second, different, crystalline complex AbOyYzOa. 
In another aspect, Applicant claims, in claim 69, a method of abrading a 

method comprising: 

providing an abrasive article comprising a binder and a plurality 
particles, wherein at least a portion of the abrasive particles are fused, crystalline 
particle comprising at least 20 percent by volume, based on the total volume of tin; 
particle, eutectic material, wherein the eutectic material comprises eutectic of 
crystalline Zr02 and (b) at least two of (i) crystalline AfeOj, (ii) first crystal!' 
AhOy Y2O3, or (iii) second, different, crystalline complex Al 2 Oy Y 2 0 3 ; 
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contacting at least, one of the fused, crystalline abrasive parti :les with a 
surface of a workpiece; and 

moving at least one of the contacted fused abrasive particle or the surface 
relative to the other to abrade at least a portion of the surface with the contacted fi sed 
abrasive particle. 

In another aspect, Applicant claims, in claim 44, a plurality of abrasive paiticlcs 
having a specified nominal grade, the plurality of abrasive particle having a partic e size 
distribution ranging from fine to coarse, wherein at least a portion of the abrasive ^articles is 
a plurality of fused, crystalline abrasive particles, the fused abrasive particles com arising at 
least 20 percent by volume, based on the total metal oxide volume of the respective particle, 
eutectic material, wherein the eutectic material comprises cutectic of at least: 

(a) crystalline complex Al20yY 2 03 and 

(b) crystalline ZrC^. 
In another aspect. Applicant claims, in claim 52, a method for making fuscld, 

crystalline abrasive particles comprising at least 20 percent by volume, based on the total 
volume of the respective particle, eutectic material, wherein the eutectic material comprises 
eutectic of at least (a) crystalline complex AhOyYzO^ and (b) crystalline Zr0 2 , thp method 
comprising: 

melting at least one A\ 2 (h source, at least one Y 2 0 3 source, and at l|east one 
Z1O2 source to provide a melt; 

converting the melt to ihe fused, crystalline abrasive particles; and 
grading the fused, crystalline abrasive particles to provide plurality of abrasive 
particles having a specified nominal grade, the plurality of abrasive particle having a particle 
size distribution ranging from fine to coarse, wherein at least a portion of the abrasive 
particles is a plurality of the fused, crystalline abrasive particles. 

In another aspect, Applicant claims, in claim 59, an abrasive article comprising a 
binder and a plurality of abrasive particles, wherein at least a portion of the abrasive particles 
are fused, crystalline abrasive particles comprising at least 20 percent by volume, based on 
the total volume of the respective particle, eutectic material, wherein the cutectic njiaterial 
comprises eutectic of at least: 

(a) crystalline complex AI2OTY2OJ and 

(b) crystalline ZrOj. 
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In another aspect. Applicant claims, in claim 67, a vitrified bonded abrasivfc article 
comprising a plurality of abrasive particles bonded together via vitrified bonding material, 
wherein at least a portion of the plurality of abrasive particles are fused, crystalline abrasive 
particles comprising at least 20 percent by volume, based on the total volume of the 
respective particle, eutectic material* wherein the eutectic material comprises euteqtic of at 
least: 

(a) crystalline complex Al20 3 Y 2 0 3 and 

(b) crystalline ZrO z . 
In another aspect. Applicant claims, in claim 72, a method of abrading a 

method comprising; 

providing an abrasive article comprising a binder and a plurality 
particles, wherein at least a portion of the abrasive particles are fused, crystalli 
particle comprising at least 20 percent by volume, based on the total volume of the 
particle* eutectic material, wherein the eutectic material comprises eutectic of 
crystalline complex AI 2 Oy Y 2 0 3 and (b) crystalline Zr0 2 ; 

contacting at least one of the fused, crystalline abrasive 
surface of a workpiece; and 

moving at least one of the contacted fused abrasive particle or the 
relative to the other to abrade at least a portion of the surface with the contacted fu|sed 
abrasive particle. 

U.S. Pat. No. 5,981,415 (Waku et al.) reports a ceramic composite material consisting 
of two or more crystal phases of different components, e ach crystal phase having r on-regular 
shape, the shape crystal phases having three dimensional continuous structures intertwined 
with other, at least one crystal phase thereof being a single crystal. The two or mo|re crystal 
phases of different components constituting the ceramic material may be those of 4 
combination of a eutectic system. It is said the melal oxides include aluminum oxide 
(Ah0 3 ), zirconium oxide (Zr0 2 ), magnesium oxide (MfiO), silicon oxide (S1O2), t 
oxide (Ti0 2 ), barium oxide (BaO), beryllium oxide (BeO), calcium oxide (CaO), c 
oxide (Cr 2 0 3 ), and rare earth oxides such as I^Qj, Y 2°J> Ce0 2 , Pr^Ou, Nd 2 0 3 , Sin 
Gd 2 0 3 , Eu 2 0 3 , Tb 4 0?, ItyA, H02Q3. Er 2 0 3 , Tm 2 0 3 , Yb 2 0 3f and Lu 2 0 3 . The com|pl 
are said to include LaAIQ,, CcAlDj, PrAIOj, NdA1C> 3 , SmAlO* KuAIQj, GdAlC) 3 
CrAI0 3 , Yb4AlO u , Er 3 Al s O| 2 , llAI;O t -L^O ( , 11 Alv.OrNd^O, 5 3Dy;«OrAM>i, 
2Dy 2 0 3 *Al 2 0 3 , 1 1 A) 2 Or Pr 2 Q 3> K11 A \ n Q ]9> 7G(\ 2 a y A I 2 0 3? 1 1 AI 2 0 3 -.Sm 2 0 3> Yh 3 A 1 5 0 3 , 
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CeAlnOis, and E^A^O*. In one alternative method, the melt is once solidified and 
pulverized and the pulverized material be then set in a crucible and subjected to 
unidirectional solidification. 

It is stated in the Office that with respect to the rejection of claims 2-4, 9-1 1 1 6-19, 
21-25, 27, 28, 30, 31, 33-35, 41, 44-52, and 75-80 that Applicant argues that Waku el al. fails 
to teach a ftised abrasive which contains the claimed specific tertiary cutcctic and claimed 
specific binary eutectic. The Examiner disagrees with this argument because the reference is 
said to clearly teach eutectics which fall within the claimed tertiary and binary eutectic 
compositions. The reference is also said to teach at least two phases in the eutectic 
reads on a tertiary eutectic. The reference is also said to define various phases that i 



present, thus the various phases defined in combination with "two or more phases in the 
eutectic" read on the claimed eutectics. Since Applicant is said to have not argued the 
claimed cutcctic composition in detail, no further comment on Ihis is necessary. In addition, 
Applicant is said to state it is not clear that the result of the reference would be a eutectic. 
This is said to not be persuasive because in column 5, lines 18-20 the reference staves that the 
combination is a eutectic system. 

Although not agreeing that '4 1 5 (Waku et aL) teaches or properly suggests [the 
eutectics required in Applicant's claims, even if it did, '415 fails to or suggest other features 
of the claims such as the "specified nominal grade" requirement, which is discussed below. 

In addition, Applicant is said to appear lo argue that this reference does not leach the 
"specified nominal grade 1 * as required by the instant claims. The Examiner disagre es with 
this argument because the reference is said to stale that the material is crushed and it is the 
Examiner's position that this crushed material will have a size which either falls in the 
category of coarse or fine, which is Applicant's definition of specified nominal grade. 

In response, it is submitted that the meaning attributed to the term "specified nominal 
grade" above is incorrect. "Specified nominal grade" is defined on page 20, lines 20-3 1, 
bridging paragraph, page 21, lines 1-7 as industry { i.e.. abrasive industry) accepted grading 
standards such as American National Standards Institute, Inc. (ANSI) standards,. Federation 
of Buropcan Producers of Abrasive Products (FEPA) standards, and Japanese Industrial 
Standard (JIS) standards. It is well understood by one of ordinary skill in the abrasive art that 
such standards require more than just a particle size distribution from fine to coarse and that 
the particular distribution is dictated hy the standard for a given nominal grade. 
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Further, it is stated in the Office Action that the cits si red particle sisre is a fur ction or 
■ he application and mere recitation of that si-eo does not represent a patonlablo distinction over 
this reference to one of ordinary skill In the art. lacking evidence to Ihv wnuciry. 

In response, it is suhmilteil that by requiring a specified nominal grade, the 
abrasive particles must be In a specific form <i -« purl of a plurality of particles in 
is submitted that requiring the particles to be In such a specific form is a limitation 
He considered in cvalunting the pntmiMhJUty nf the claims. It k Kubmltted that the 
Action does* not pro-vide a proper teaching or suggestion, for example, of the cpecil 
nominal grade" requirement sot forth In Applicant's claims. 

Further, it is stated In the OfTiuo Action that Applicant apparently urgutss 
pArilclc" limitation, as defined in the previous office uclion (i.e.. Waku et al. tcacb 
fused materials based on alumina and yltria are known to be used nhrnslvc mntei 
making the use of the fused material according to the primary reference obvious an 
abrasive material}, as noi being obvious, ya fa.il to define reasons supporting this 
is also stated in the Olllcc Action that clearly one skilled in the art from reading oojl 
line 54 and the paragraph bridging columns J*-« of Wuku would find the use of the 
according to the til** reference obvious an an abrasive. Applicant is Raid to state t 
obviousness rejection is bn«ed on improper hindsight. The Exam iner disagrees w 
argument because it is tfoid one skilled in the art would have known the applicalior 
aluiTiino/OAlde composites includes abrasive applications, as defined in Waku 

As discussed above, "specified nominal grade" 1 is defined on page 20, lines 
bridging porngrAph, page 21. lines 1-7 as Industry f i.e.. HhrHaive indHSfv'* accepte 
fltandurda, end requiring the ubrafiivo partlclcB to be in such a specific form is a limji 
must be considered in evaluating the patentability of the claims, although since *4 1 
et al.) fail s to teachjho cutcct icw required in Applicants claim <i„ reliance on the 
lominal grade requirement is not oven necessary to distinguish the invention from 
Although it is stated in the Office Action that "[cllearly one skilled In the a 
reading column 2. lino 54 and the paragraph bridging columns 8-9 of" Waku would 
use of the material obvious a*> an abrasive" and that . . one skilled In the art wou 
known the applications or ulum ina/ox ide composites Includes abrasive application 
deflnml in Waku". It is submitted that column 2, line 54 and the paragraph bridging 
B-o t>r '415 {Waku et al.) fail to properly support such conclusions. 
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The sentence corresponding to col- 2. line 54. which is in the "Background pf the 
Invention" section, reads "For example, A1 3 0 3 , Is chemically stable and hard and hi 
relatively high strength and an excellent electrical insulation, and therefore it is widely used 
in various applications Including insulating materials, abrasives, cutting tool materials. IC; 
circuit boards, laser emitting materials, catalyst carriers, and blomuierials." flic paragraph 
bridging at columns 8-« of 415 (Waku et al.) reads: 

Also, the ceramic composite material of the present 
invention may be useful in many applications in which 
oxide ceramics such am AljOj are in practice used. Such 
applications include high temperature materials such as 
heat exchange members, fusion furnace materials, nuclear 



furnace materials and fuel cell materials; abrasion resistant. 
members, cutting tool members, corrosion rcsisdrn 
materials, superconducting members, magnetic 
refrigeration materials. Insulating members, phosphor 
materials. X-ray sensitizers, laser emitting elements, 
dielectric clement*, positive temperature coefficient 
materials < PTC), condensers, varisters and other electronic 
devices, optical lenses, catalyst carrier*;, and many other 
applicaticins. 



c f 



It is worth noting that this list of uses of the '415 (Waku et al .) ceramic composite 
<ln paragraph bridging at columns S-Q) is significantly longer than the list of uses 
col. 2, and that some of the listed applications are the same. Although ''abrasives 1 
col. 2 as a use of Al 3 Oj. It Is not listed in the much longer list of uses In the brldginjg 
paragraph at col. S-S> for the '415 (Waku et al.) ceramic composite material. It' It 
intended to teach or suggest the '415 (Waku et al.) ceramic composite material for 
abrasive, it is puzzlin & why It was not listed with the other relatively long list of u 
8-^. Moreover, even if It were known that known abrasives include alumitWox ld< 
composites. It would not necessarily mean that alt alumina/oxide composites are s. 
use as abrusives, 

Hence, it Is submitted that to reach the conclusion that '415 (Waku et al.) 
suggests using the '4 15 ceramic composite materia! as abrasive particles in a spec 
nominal grade us required in Applicant's claims 4 I . 44. 46. and 53 requires an Imj 
strained reading of '4 1 5 that effectively includes the improper use of hindsight cin^ly^ 



U.g. .fat. No. S.»S1.415 fWaku et al.1 In view tf f U.S. f>f» tr 4,0?ff.l61 f r»rot B 
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It is stated in the Office Action thai Applicant fails to argue the combinatior 
( Waku et al.) in view of 6 1 62 (Brothers et al.). 

Applicants respectfully disagree with this statement, however to facilitate 
further clarification of the argument is provided below. 

M62 (Brothers et al.) is relied upon to show that fused abrasive grains are 
used as abrasives in the manufacture of bonded abrasives and coated abrasives. 

Claims 53 and 61 are directed toward abrasive articles comprising fused abrasive 



prosecution, 
kiiown to be 



particles comprising at least 20 p erce nt bv volume, based on the total metal oxide v plume of 



cutcctic of 



the respective panicle, eutectic material, wherein the eutectic material comprises < 
at least: 

fo) crystalline ZK >? and 
(h) eft least two of: 

fh crystalline Ah Oa» 

(li) first crystalline complex Ab O yY^Oy or 
(iift second, different crystalline complex A^Qi'Yj Q?. 
Claim 69 is directed toward abrading a surface with an abrasive article compris^ fused 



abrasive particles oomprisinn at least 20 percent bv volume , based on the total melAI oxide 



volume of the respective particle, eutectic material, wherein the eutectic mate rial comprises 
eutectic of at least: 

fa> crystalline ZrQ? and 

(b) qt least two of: 

(h crystalline AhOa « 

(it) first crystalline complex AhOvYaOa* or 
(\\[) second, different, crystalline complex AM L^Ch* 
wherein at least one of such fused, crystalline abrasive pa rticles abrades the surfacfe 



Claims 59 and 67 are directed toward abrasive articles comprising fused, crystalline 



abrasive particles comprising at least 20 percent bv volume, based on the to tal met iLffluste 



volume of the respective particle, cutcctic materi al, wherein the eu t ectic material c omenses 



eutectic of at least (a) crystalline com pl ex Aly . Oy YaQ 3 and (b) crystal lin&ZrQ2> 

Claim 72 is directed toward abrading a surface with an abrasive article 
fused, crystalli ne abrasive pa rtic les comprisi ng at least 20 perce nt by volume, 



total metal oxide volume of the respective particle, eutectic material, wherein t he, 
material comprises eutectic of at least: 



of'415 



omprising 



based on the 



c utectic 
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(a) crystalline complex AlaOyYiOi and 
fb) crystalline ZrQ^ti 

wherein at least one of such fused, crystalline abrasive particles abrades the surfacb , 



suggest 



As discussed above, '415 (Waku et al.) fails to teach or properly suggest u?e of the 
materials reported therein as abrasives. It follows that if '4 1 5 fails to teach or prorierly 
suggest use of such materials as abrasives, then '415 also fails to teach or properly 
use of such materials as abrasives in abrasive articles. 

As there is no teaching or proper suggestion in '41 5 (Waku et oL) of the fc 4 
materials as abrasives, it is unclear, for example, why one of ordinary skill in the 
motivated, absent the inappropriate use of hindsight analysis, to select c 162 (Broth 
to try to provide the inventions claimed in claims 53, 59, 61, 67, 69, and 72. 



IS 

would be 
ere et al.) 



art 



from 



c ritical 



Further, with respect to the new rejection of claims 5-8, 20, 26, and 32 it is 
the Office action that after further review of the reference and since Waku et al states 
"material may have a uniform structure which does not include colonies, it is the 
position that the term may in this statement does not positively exclude colonies 
present, thus said colonies are within the scope of the reference. In view of colonibs 
present, the limitations of the above claims are met because colonies must have a 
broad interpretation of the colonies having the claimed size in the absence ofany 
evidence showing the contrary. 

While not agreeing that the statements in the Office Action with respect 
to claims 5-8, 20, 26, and 32 arc correct, it is submitted that since claims 5-8, 20, 
depend directly or indirectly from one of the independent claims discussed above, 
the independent claims are patentable, for example, for the reasons given above, c 
20, 26, and 32 should also be patentable irregardless of whether or not such statements 
correct or not. 



. thi 



Claims 2, 1 7 and 75-76 add additional limitations to claim 41 . Claim 41 is patentable 
for the reasons given above. Thus, claims 2, 17 and 75-76 should also be patentable 

Claims 3, 16 and 23 add additional limitations to claim 2. Claim 2 is patentable for 
the reasons given above. Thus, claims 3, 16 and 23 should also be patentable. 

Claims 4-5, 7, and 9-1 1 add additional limitations to claim 3. Claim 3 is patentable 
for the reasons given above. Thus, claims 4-5, 7, and 9-1 1 should also be patentable 



55763US002 



stated in 

the 
Examiner's 
being 
being 
dize and the 



26 



rejection 
, and 32 
and since 
aim 5-8, 
arc 
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br the 



or the 



or the 



br the 



Claim 6 adds an additional limitation to claim 5. Claim 5 is patentable for tjhe reasons 
given above. Thus, claim 6 should also be patentable. 

Claim 8 adds an additional limitation to claim 7. Claim 7 is patentable for t|hc reasons 
given above. Thus, claim 8 should also be patentable. 

Claim 18 adds an additional limitation to claim 17. Claim 17 is patentable 
reasons given above. Thus, claim 18 should also be patentable. 

Claim 19 adds an additional limitation to claim 18. Claim 18 is patentable 
reasons given above. Thus, claim 19 should also be patentable. 

Claims 20-22 add additional limitations to claim 19. Claim 19 is patentable for the 
reasons given above. Thus, claims 20-22 should also be patentable. 

Claim 24 adds an additional limitation to claim 23. Claim 23 is patentable 
reasons given above, Thus, claim 24 should also be patentable. 

Claim 25 adds an additional limitation to claim 24. Claim 24 is patentable 
reasons given above. Thus, claim 25 should also be patentable. 

Claims 26-28 add additional limitations to claim 25. Claim 25 is patenlabl^ for the 
reasons given above. Thus, claims 26-28 should also be patentable. 

Claim 30 adds an additional limitation to claim 44. Claim 44 is patentable 
reasons given above. Thus, claim 30 should also be patentable. 

Claims 31-35 add additional limitations to claim 30. Claim 30 is patentabl^ for the 
reasons given above. Thus, claims 3 1-35 should also be patentable. 

Claims 45 and 78-80 add additional limitations to claim 44. Claim 44 is patentable 
for the reasons given above. Thus, claim 45 and 78-80 should also be patentable. 

Claim 47 adds an additional limitation to claim 46. Claim 46 is patentable 
reasons given above. Thus, claim 47 should also be patentable. 

Claims 48-49 add additional limitations to claim 47. Claim 47 is patentable for the 
reasons given above. Thus, claims 48-49 should also be patentable. 

Claims 50-51 add additional limitations to claim 46. Claim 46 is patentabl^ for the 
reasons given above. Thus, claims 50-51 should also be patentable. 

Claims 54-58 add additional limitations to claim 53. Claim 53 is patentable 
reasons given above. Thus, claims 54-28 should also be patentable. 

Claim 60 adds an additional limitation to claim 59. Claim 59 is patentable 
reasons given above. Thus, claim 60 should also be patentable. 



for the 



for the 



e for the 



for the 



15 
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Claims 62-66 add additional limitations to claim 61 . Claim 61 is patentab e for the 
reasons given above. Thus, claims 62-66 should also be patentable 

Claim 68 adds an additional limitation to claim 67, Claim 67 is patentable) for the 
reasons given above. Thus, claim 68 should also be patentable. 

Claims 70 and 71 add additional limitations to claim 69. Claim 69 is patentable for 
the reasons given above. Thus, claims 70 and 71 should also be patentable. 

Claims 73-74 and 89 add additional limitations to claim 72. Claim 72 is patentable 
for the reasons given above. Thus, claims 73-74 and 89 should also be patentable 

Claims 8 1 -88 add additional limitations to claim 69. Claim 69 is patentab e for the 
reasons given above. Thus, claims 81-88 should also be patentable. 

In summary, the rejections of claims 2-12, 16-19, 20-28, 30-35, 41, 44-52 land 75-80 
under 35 U.S.C. §103 as being unpatentable over '41 5 (Waku et al.), and claims 5,3-74 and 
81-89 over '415 (Waku et al.) in view of '162 (Brothers et aL), should be withdrawn. 



55763US002 



Allowable Siibfcct Mqter 

Claims 13-15 are object to as being dependent on a rejected base claim, 
allowable if rewritten in independent form including all of the limitations of the 
and any intervening claims, 

Claims 13-15 have each been rewritten in independent form as suggested 
Examiner. 



but 
base 



In view of the above, it is submitted that the application is in condition for (allowance 



Reconsideration of the rejection is requested. Allowance of claims 2-28, 30-35, 4 
89, as amended, at an early date is solicited. 



Respectfully submitted, 

By 



would be 
claim 



By the 



and 44- 



Registration Numher 
35,048 


Telephone Number 
651-736-0641 


Date j 

— jUi 






Gregory D. Allen 



Office of Intellectual Property Counsel 
3M Innovative Properties Company 
P.O. Box 33427 

St. Paul, Minnesota 55133-3427 
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Version With Markings to Show Chances Made 

In The Specification 

On page 41 > please amend the following paragraph starting on line 13 and ejnding on 

line 22: 

FIG* 9 is a scanning electron microscope (SEM) photomicrograph of a 
polished section (prepared as described in Comparative Example A) of fused Comparative 
Example F material. The photomicrograph shows a eutectic-derived microstructure 
comprising a plurality of colonics. The colonies arc about 10-40 micrometers in size. Based 
on powder x-ray diffraction of a portion of Comparative Example E material, and 
examination of the polished sample using SEM in the backscattered mode, it is bel eved that 
the white portions in the photomicrograph were crystalline Y3AI5O12, and the dark portions a 
crystalline AbOrrich spinel solid solution phase. The width of these phases observed in the 
polished section were up to about I micrometer [2 micrometers]. 



In The Claims 

Please amend claims 13-15 as follows: 

1 3. A plurality of abrasive particles hav in g a specified nominal uradc^sfeid 



plurality of abrasive particle having a particle size dis tribu tion ranging from fine td coarse 



wherein at leas t a portion of said a bras ive particles is a plura lit y of fused, crystalline a brasive 



particles, said fused abrasive particles comprisinp at least 20 percent bv volume, based on the 



total metal oxide volume of the respective particle, eutectic mat e rial wherein said 
material comprises eutectic of at least: 

fa) crystalling ZrQ 7 and 

fb) at least two of: 

(\) crystalline AUCh . 

(in first crystalline complex AbOrYpj. or 
(ni ) second, different, crystalline complex AhOvY aOa , wherein said fused 



eutectic 



abrasive particles comprise at |east 50 percent bv volume, bas ed on the total meta! 



volume of the respective particle, of said eutectic material, wherein the abrasive oa irticles 



comprising, on a theoretical oxide basis, at least 40 percent bv weight Aj ? OiJxas_ej i on the 



total metal oxide content of the respective particle, and TThc plurality of abrasive particles 



according to claim 3.] wherein a portion of said complex Al^OyY ^ Al cations ai e 



crystalline 



oxide 



1 
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substituted with at least one c ation selected f rom the following cations: Cr. Ti. Sc 
Ca T Si. and Co. 



14. A plurality of abrasive particles having a specified nominal grade. 



said 



plurality of abrasive particle having a particle size distribution rang in g from fine to coarse. 



wherein at least a portion of said abrasive particles is a plurality of fused, crystalli 



. ic abrasi v e 



particles, said fused abrasive particles comprising at least 20 percent bv volume, leased on the 



total metal oxide volume of the respective particle, eutectic material, wherein said 



material comprises eutectic of at least; 

(a) crystal line '^QiMi 

(b) flt leqst t wo of: 

(j) crystalline A1A* 

fih first crystalline complex A^Oy Y2O3 . or 
fiih second, different, crystalline complex AlaOvYoOi. wherein said fused 



abrasive particles comprise at least 50 percent by volume, based on the total metal 



volume of the respective particle, of said eutectic material, wherein the abrasive particles 



comprising, on a theoretical oxide basis, at least 40 percent by weight AlgOu based on the 



total metal oxide content of the respective particle, and [The plurality of abrasive A articles 



;ar; 



according to claim 3,] wherein a portion of said complex AlaOyYyOi Y cations i 
substituted with at least one cation selected from the following cations: Ce. Pv. F,r. Eu. Gd, 
Ho. La. Lu. Nd. Pr. Sm. Th. Tm. and Yb. 

15* A plurality of abrasive particles havinu a specified nominal grade, jiaid 



plurality of abrasive particle having a particle size distribution ranging from fine to coarse. 



wherein at least a portion of said abrasive particles is a plurality effused, crys talli leabrasive 



particles, said fused abrasive particles comprising at least 20 percent bv volume, based on the 



total metal oxide volume of the res pectiye_particle^ eutectic material, wherein said 
material compris es eut ectic of at least: 

fa) crystalline ZrO^ and 

(b) at least two of: 

(i) crystalline Al^Ch* 

AH first crystalline complex AI^Qr Y^h. or 



55763US0O2 



re. Mfl. 



eutectic 



crystalline 



oxide 



eutectic 
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second, different, crystalline complex Al^OvY^CK wherein said fused, 


jcry st^Iline 



abrasive particles comprise at least 50 percent bv volume, based on the total metaljoxide 



volume of the respective particle, of said eutcctic material, wherein the abrasive pi 


rticles 


comprising* on a theoretical oxide basis, at least 40 percent bv weight Al^O-x. base< 


I on the 


total metal oxide content of the respective particle, and IThe plurality of abrasive I 


articles 


according to claim 3*1 wherein a portion of said complex AljOrYjOi Y cations an 




substituted with at least one cation selected from the following cations: Fe, TL Mi 


l V.CY 


Co t Ni. Cu. Mg. Ca. and Sr« 
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♦euHtirt ttioauius. In ton I on, nuxlvitK u r rupiiitc ii 
Ihe u>lt|Ud ai TriMuit Utviocd by the polar >ct-*Jton 

moduUM of AimUi hurdtnLnjj, S«: prertfrn-J » **** 

if wain H4/ii*ntrt8> 
MonJ' aCAle. A scrnicn hiirdnesv t«l fur ikvimlniitH 

vcii>parauvc nuninew using vv vomtsti inunr-iK 

tutc llhc *PflP«) to diamond (the h"nlr*i). 
intHq. 1 1) a lofm iwao/: ofsanrf. rnc*p> »w»ieriai 

iKji cimtakos the cavuy into wMrh mw*i*n meml ik 

poured tu piniuo: a i'.iMlh(> 01 dcHfiiic ;tinpe and cmv- 

[inr. (2) ?:ini« ;n rf/«. 
molilinj muchint. A m;iv1iii« ft» mahlnA *w»J >ifc>l<i* 

1*7 AKCliankftUy compacilnp »ttm> iiiuurwl ii pin mm. 
m<>IJ|p|( p^fjut- * pre\s uicd <t> form po^Urr 

innld jtcKifi. Wc*d or nwtul lorm ihat v» ^lip|«ii t.^ci 
A >^ihA muU fur auopurl tluiiii^ |Aiurm(;. 




moM >fas|). An mjucuui ur alraholii; emutskm ur J«>- 
pension v( varlcnw rnotcrlaU USC0 (0 coat (he iuifott 

Mond procru. A ^iucr&s :»n vAtiaciltig ainJ pui«ryiiiic 
niL-WuI. Tin: iiuin feiHum viM^j.M uf forming ftitkxl 
k-juNmyl Ii/ nsaviNiu uf finely tliviOwl rrJMi'Cil mr(H| 
with cirton monoxide, ihcn 0ccont|h>&J»$ Hu* tilvkul 
caMHHtyl, \m (furifkd nwkd on «ninll Al^kel 

pslteii. 

nmiiMMtU:, An KMh^rmal rtwtrtihjtf re^iim. m a 
nny lyuem, in which 11 liquUt on fouling deco*n- 
fw^» into % iciond lioiitd of n dlffeceni composition 

and « >*>ttt|. U iHfJWh Auiji a >Mirtri< in that vidy \)»»« 

of the l^w ^i(u4«jl'U die i^ALtujii teluw tiA tiuvr* 

ftivndtion hurdntu tat. A method of dctcrmfnlAg ihe 
it%itmtum tmttlntx* vf & iticlid by trwaxUntiJ thw IuckI 
rc*]iilivd 10 lone ii spherical pcnciraior inn» the nicia] 
tu » lpecified dcpih. Now otisoklc 

mo^otropliin. The ability of 0 solid 10 exist U\ two or 
Tnnrc. fofni* (ciyual iirucra/ti). but iu which oik.' form 
it Ihe MAble miMifi^itAn a» all IciHpcratuicj. sitd 
pfruures. Rrrtlc and hiailcftjiltr. .wr i tiMrtOtinplii |M« 
bl'Iow AC, in «teeh r Kir eHivnptfl. M&y ulso be vpelted 
fnuiiotraphisin 

mosaic Jimcturc. In trykuils, a substructure in *UkU 
n^.l^hNirinit rvjtiurvi have only >liglilty Oi l(c iu\t on- 
eitiuiWA>T 



?tr< . 



Mi tentperaturt 

mie ai whic(i 

pllctbk 
momng. Mi.x^p 

KiicudUiK, 1 
rnMHlMxtpJ 

ihrfc prluclp it 
multiple. A ' 

tier lo provide 

lOT JL Mlt£le 

multiple-rr»|HH»t 
welding *ilt 
tug a miicJi: 
*«ll»n »eU" 

mwltiplr-pusa 
nxi»l wiv» 

imUftpfe-JlJdv 
lino mc iAo(r 
tries on mc 1 
Klve voriAilc^) 

mutllplr vpoi 
spot? 
welding 



For any alby 3y>1rm ( (h* tcriii-rru* 
martens it c stnils to fuiiTi ojl ^.-il-n^ 
farAtutiati t*nt(>**<uurt for the definition np. 

snntl and cJay p*n";l«». wiili wjilt bj 
t ml'iiiha <»» 5tir^g 
Any aire** s\»*ic iA *t»kn two or 

of MiMh tbv rioiii '<t kmKr; i*rtHt : 
the exact ajnouiu of m&lcml iiccn>:<i 
'wriptevc. 

waldlnn. ,%tnji. piOjCL.tiixi <n i» t »i:i 
mtfre than oik lm^jst of cw:tm ifur 
mKhtuu cyuK. A^incnine^ walltrd ^ul 
rtUiilg 

*eM. A wcIO iniwfc by dcpoiltlt^ WW 
of nwre iviwcffsivc pds^,. 

a pfttrt wIDi (iMiiviOuuJ Mi U>, Hmti 
Midi: w (jiwm-N *i» iitdividiijil 

r*uii) man, tnmcAA Ik ttdju.Mtii m> ui i-* 

In knfih of Mfrtc iu iti 
Mldtn|. Spot wchjn^ in wimt. v..-£i6i 
or? Avttlc during nun voit^juci*: t:y*^» *>C ith; 
\ mac nine. 



nulivK m«lul. 111 Aov Oeposit in ihr. Ctfih'k trust ui|i' 
siting of unpnmbined nirlal Vi) 'IV gncul m tiut^ 
■1 tkyOiil. j 

natural fljcinft .SptmlancnuN UtJilij^ of a iDncrlalUratcJ 
soliU tuluiioi i\ room Icnipcmiure. See ^h.;. ^nd 
enmpate wil i (trtiftciul 11410%. 

natural strain 5cc iird<>i. 

mYklne. (H R ytncinp, the <rrrK&-ftcct>onitl aucj nf incio) 
in it localt«c» ai« by Mrwchinn. f?> PciiuvSnj ihe 
difflneler of 1 fNiiiion of the ki^vb at a cyhodival 
shell ur lube. 

Uvekllig down. Lwnll'ttl icilueitim iir ^tch M i spci" 
iinen duriitg itfuillv Ui'foinijittnii. 

nv^klug MmllU >4li»c MM^ur/n jiru/n. 

ncgtoUvf r afc*. L>e!Atibtf!f .1 luotH flu it Pcuiion u | :i >ic 
culling cdgi: iagjb Ihe bJif^v ul (he LuuUi JatV. ^iv** 
skcKh uvCi«ipanyihft/mv «»«. 

netwaTh itruaure. a xtru'iUK w wWcti one i*(»:v>ui- 
ueni mvuia piiiuujjlv ai llic w«m botmt^rics. (hih 
r^tniafly or ;nmrilelely cnvckijjlng tin; pm*?, u\ \\k 
other con&timcms. 

NKuuiann bar d. AUtiwitut uvtn in kmw. 

Aevtral name a Hump to wtath ttu-ie i)i cites* 
of cither fuel or osypen in ific »r>ncl llwiic OM^jen 
fiom oiivbici I air \s u.wd to complete the coui^u^Km 
ul' CUi ami Mf yiuduvxd iu the timet llunc. 

ntuunn. Ekncntury nuvlcw p*rUvW Uiqi \w * <im?i 
approxnnulel)* the iam or ^ hydfiikrb it«nr» 

and that ti qiocuictily ncviirel; its iuas* i> I 00^ 5* 

neutron rmlMUllemeiH. HinhiUlcnicm tc^itHtn^ U *h* 
borrihoidmciil with neuuum. ^rvuditkrwl \t\ 

utttaU thai lurvc been exposed Lu u n«utl^n 111 
LAC COtc er fl reactor, tn steels , nwuron eniKtiulcnirrtl 
U flviilencctl by j rtitt in Hi* diMiMo wtlUc UaC- 
.Mimn icmpc rature . 

nrbWin||i concur cuiuhg or sncct mctaJ by use i^r a 
rjonJIy ictip uuiU)g puiKli Uiu uuKcs fuuttcrcHjs siuaU 

niirWinfc. InirjOutlng nitru^n ini»tlw*wli«,e Uva/oi 
a !tolid ItnXUJ *lldy by iHlldjnp Al A HHMftlc icniper 
ature fhclw* Ac, li>r lemlk xintU) in loiiU^i v^ttli » 
Aiirotcoovs wattllal. uiwlly 4iArmniu or moitcfi 
iMud« ot 3p->Mjputdi cmnpo&niou. Qucncttliig is t>oi 
required in induce a tuid ease, 

nllrocarbUlil ng. Any of acvwnl prwt»"> in wnKli 
tisAli nlMv#Ml xtd cmUwii 4#9 ■t»toit>cd Iruo tho jdr- 
Tube layiirt i>f a fcrrvui iiuiwrial i\ wm^arcv be- 
low ihr lower ctiticrtl tcntfWrtuTe .imi, by diffusion, 
create a t*o a'cntration {raUit-nt. Nitroc^rburi^n^ :) 
done m^hily u> provide ui anu^ulnng >un^vc luvcr 
unOMu tmpruvc rtiUnur xesi«litu« . Cvmp^* ^'t* 1 

Dbbk nW*!. 1 1} A ntctal whose polfntul it hi^Mv p<is 
ilivc iclotiv! 10 the hydro^n ale^iiodc. (?i A me ml 
wilh ina/kcl fcsisldHc^. to chemical reliction. |mnk- 
uloily 10 ond&ilon and 10 soluticn by morpiuc 
This ttrm ui \>l\en wed i\ *yinrnvnnm> i*r*ti.vui 
mtHii. Com r«l with /w«- MrtU/ 

hOblr potential. 'Hie pultinlj^l tot ttia passive (i 
thv m£t«*l ciist in tnitK dhi acme u>d pw v.»: ;.tntc:* 

m a given Medium 
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.. . t »W t.i.m.n.cc imo i*m « more !■>«•«■• 

. „ ;',u.« A. .wi^tixl «r <'<il»« «•>•' ••>»: "f " ,or * 

rt ,V,ie impIi. CUW^B « r.nnrinft uswjHy . m*de 

! , ^.Vi.wUlMi^ o) them. .* * 

I It../ nVkcf . « olt.c< mci*. Cab* tool* arc ^r- 

;lJ j he n^l i» unpwve *«r . 
lew Along iht ctgc* oi * »h**i or ,.,.p; .Kq H«™ 

oumriifft ttX|*rei><ril 1^ Urt formula: 

OR * T<: + W*»* • P) 
faf Riiint orwtuuhtiiiy. 



Mn 



Cr t Mm ♦ V Nl 

< <^5< ; ~ 5 * ~5 

v.tt&bte r.uoo^ nmteriyl ii Ueiioi above Ok 

v„rn£ J^U-i *»4 miiopcri by Th. tut** 
1.7 dilfiwivn. f .r^nc » eoocemraiinn grodtcnl. Tbe 
utoce«*i U complete*! WMlinp *n ftrnfc> tbat p«>- 
4u«i IV UcI.mI piupcrtfr* tn ihc ^oifcpww. _ 
, . w -i M AUhitkJfi C\m«fMun Of an or^* *ubsm^ mm 
fkn:*.UJl t j«rW (Sh«jM DOt b« ci^fu**iU with vAf- 

vhuM-'M cAuiniPK .«tiv^ CBrtnm to aUcf or n»»v- 
V-^. uihlnr pi^chhc*! coiKlMWns the carbu» tevrl «f 
.h A Nam: |« ptirt.cuUr t-wiroTinicul. (» * 
i-iftcn Iti^l Rtumf.d will depend on such tvl^i as 
icmrcritHiH. »»iw iindsKrtl comrKWitwn . 
^rUn rutuiillon. K^plaiui^ the vartxm ».»i in mc 
^uii'iim Uytr t*n»M pr«vi«tt» fforcv^ing by 
me thib liy-CT (u stfKiBnlianjr iW ongin^ ct*N« Wwi. 
Simetimc? en I led rcn>rt> uft7*nK. — ^ ■ ■ — - 

far «pv albymft rkmw (tnhcr '^".{^J^i 
cpiM) « J I«niHH»«p mrty on ...cidcrvi.l «mi.u.« of 

^Apcr. 1UI1U* nlrij phntPli nfjiL . . . ' ' J 

vqr*»urUln*. Atrtunnion dl/f»M«i «f carNift ml" 
voirtt t'rrinu* alloys by hrvinfi. \o 4 tem^rtlaw usu- 

. *1>V iiU»vr Avu in conUrt wilh u *«Ht*bte cftrbonit- 
wnui mi^ridi A form or r«»T Aurrfr-n^? ibm prn 

a »iKi by QuciatoB tl«cci)y hAm im w^^J 
UiAperoiwrt or by cooling W urnpc«(tif^ th«ft 
rewistcnih/iRf quenching, 

□..Mion. A cirburiiing Hanw u 

c JSSl'irqi^t. A -*W»ni Inwhjcb o cw- 

*ir**J«'i> ^^*MwHl'<■ Cornpift w,ih **qurw.* 




'cm.. Thm iwnion ttf b f-rtous alloy, •■^''ti!"*? 
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nam tai t-^> rr»*W'«My "„ 

Sy*. thill .h*y or may coniam >P'* ft . 

l^W l*™*n precis «hI fdm «nd « 
CASS tut. AMwvjiilon for < « P f*r«rc<lt rnic rf Wi- 

xtsn Tinmg by ^ 

h^perd M«r-U and rinl^ 

vpd „xM ftir M^kin« founilry CiHin^i^ Nil i»l wri.iJgni 

U (?) SnlMiftfUipii «K***|P-ihr redactWn 
in volume «f met-l 1*81™..* Jo end ' wt ^ 
ration. IS) SmM shnnk ?fi ^ the ^««^Vf 1, ' ,,B 

cuttne Uralns- Slniui* Ui d c«tnis v*us«l .(H/m.? 

strZw thai develop ^ tlic citing cvoU. 
a»tb« rtrf*«. :wt up r ^ n 5fi«iffl 

f "iS? rflji - -hU:h ihc ^ c d n«n. *J.c^ 
the <«l»hUh> ^ e*rN»rt m i^wnn- Jt ih« c«ert« 

bon^plus and xiilfMr. or may 1^ 

MtffY rail imn. M'tliU iWl IwrffrflW* C«f »™ 

Irt r<o« (r^, ^ wort ;ca«; u *fm 

aMc iwa - «od " ductile imit* fe*p*cti«iy- 
CMl St«i lit l»w fpfm nf r«*J*)(*. 

CQ&I .trucmr*. The n.riallo S r^h!c *irucluFc .»f • 
4 9| cvUWiwed by shape aftd onieiHalion uf fTB»rts m« 

cal»l«t A <ubillfi« capibl- of ^mftfnp *F 
ii leaciim *tlhi«t iticlf uiwkrping any «l ** B Bf- 
tttiujnrophlc fa«wr«- Swit'»*»» WliMft-f p ^ipcwnt or 
m«X tbM fi«)M^Hy rwittto in "■cr.Mv* wu»**d- 

«a.lm* iyw«n such Wft b»Mej. aa elM^llJ*^. 

i, j, .Knitiva; trt *h« irther th«e, nqpiWe. In a bn«ti> 
or «k««ialyiic crtK w >bi t\v»r™t* wt> e « icdu«iton 

j-Rttuwlc ci«np(inmr*n. In cUd.olyiic cell, iiw cr. 

CttlhtKl* Cbpp*r, Copper d C |HUiifd ai the ^tbc^ 

r«(Koae efltdeucy. f/urrfiM <f rirn^y « i»« ^SS&s 
«ih«d» Illm. lru» pwUoft nf ^hmm w n«w*w 

tirb^k'plStmta- EUtitMftu- pi< kilos \* *hkh the 

work. I» ihc Kaihu&t, _r 
CMlhodt, pydtaeium, tail! ^«f tat fm-~ ^ 

i\i)ttt a Bftivunic or an lm ( K»vnicd cvmr.H- Ooniiott 
with Qiwtlte proittctwn- . 
cl 0 J.«dyiic ««; In A divlUed ceil, ihc i*«no* im (ru 

0 { im di*rh">e^- 



^Sn^i fur acbiiic. ******** mi ?££? 
^ ?Lmc,.bl- «ny v„d 5 ^cavu,« wiihm i ■ IwhI 



GtoBSBry 



1*7 



ui innumciroi» «njr ■» Lll " . 

iub c*l«<» IQ WW »»> 'rt'"" 4 W"""' «h4n?»o. C»v- 

cmned by ««« ~rt».le^ 0«* « «■'''■ 

(ttSSullin. UiuoJiwlion ol »«t « tnrte atentriwi to.. 
^TWioiti« »f » me »I o»q«i by WW »< 0)f- 

..^UdrtrtW.. A « 0 »a uri cherts mi 'V 

,1,^ Sy ihe irrc^mra manganic Jwl ^thcr tM- 
t »f a woifcpUt-* b. 5 k u> be «sod u. «n!<r the 

S S^£n«5ntL-d ( I. rSllcn rtlhcr than 

TU^Vpi^ m*y be in u* form ol a .yUn<J.r 

c^|fu,.l c«ilnf . A n-d« by poim,v« ireta! 

inu> a rtiuW Ihnl U ran »d or »*vo|y«L 

ol etnwiftifcU intiAllic f xh^* 
ttfAl. An ofMWt toidr'. usually tort no*»r 

C-framr pr«a. Same it &<ip,Mm- pf*n> . 
CG Iron. sluS » '*«'J «> «** *^ r,|! c ™ T .«d 
rkaAmfl^e- rftK^J hi <» surface danitscd 

rbJ^ifitrrmiticdi nu* u«iam«. t 5^ w ; , i n ,?J„ 1 ^:" 

^^1^11^ the ^ T «SOn ""SS 

HulW oppimic ih.^ oMb* "b** Comwii wiih 
^mf« m A btrveletl v^acc in eliminate ai> Mb«r. 

K bivi». «:) On a milling e-tiT.^n^ 
bTiw«« * leveled stifiicc and the h*« or lb* C^tt^. 
.jJStol, MoXin* a aluputg »^face t».i me «U«: »f 

ikank Mc al i^ppcrt Ibil IwlUi a nwc .n pUc vlihio 
fuMv ii into the futii bed c»»mB. 



Cure CaiI 



•I 
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Qloaat.y 1»39 



ue<\nlt». A ulirffli**. iion formaiin* tnnn *hich certain 
"< n on* of the Uikfl Su|Hrfmr legion are derived; 
-^caaiai-s shiftily of fine-pinn lilie-t inifcj»i wiih tpub- 
jKtuc ami hem;ilite 

:o»l.-ie^ Thr «IU':juJlJ |mmon uf it crushed die. scp- 

M 'ted during '-omrc:UMUyi» 

• ■ .^iii nir. Sura: as /WAsh jV, 

Utuitm will. A rotting null vm^Mlng «r iwu or mo**; 
.'.iifmIs amnged (hit (he Jitclul Using pn*.ux*'ril 
u**e)s in a straight line tto t )\ mmh! in mmuI In con- 
^;i.i»hjs rolling. the. vaili in* lUfiUi an* tyncruomzt'd 
»' :>Ut the ii^ mil) Ik nrHwl if» nil Standi simulta- 
neously. Conli&w wiih /fN|;fr«jf(tni/ W/ 

;at:d*m wtttiltnie. Ait wr.ldtng In whiuh two ** more 
vk-cirtKliK. are id n plane jjqrKlltl u> Jh* line- flf" travel 

uayciit feenrllag, Pewmlng intd tv innr* i lit nil til bends 

having pnrnlkl j.ui by wiping vbeei rrwial around 
*nc or lOMfv nJim dies in ft single Dficruinin. 'l*he 
Ahcet. widen n;uy hjvi: iitk fringes, if dunned aganui 
the rod iu.t titc, ihru mode 10 Conform U> the pnNii* 
Jir. by pressure frvmi o rowk ■feline die iM move* 
nlong the |Xmp»xfy of Ihe radius die. 

undent modulus. Src trntJutux uf rUwivtty, 

tunW vottagr. The tola) viduge Niw^n the ftj>0>Sc md 
..aiIukIc til a plating hath tv «lev<rol)tk cell dUi'ing 
Ktecirolysli. Ii is cijuid n» the mm of: W) the *f)ui- 
lihniim Kittluri |X*en|in|. tb) the /if drop antl <r> iric 
olfVltOdt; lAUfniiiil*.. 

Up A tfylnidiiefel itt cuniL-ul thread -CUtllng tuid wiih 
iirtt ikt iltttro CUtllng clMntnii Ka%iii^ llirvuJi uf » *te 
witrf fn/i.t oh ihc pyiipliury. Ry a combination of ru- 
tin v Rnd Rxid! tuoiititrs, ihrt kndiog end cm* 4i» in- 
■'-Tvd llur^J, die <'m) ffcvtving >>riiicip^ Mjppm 
IrciY. (lie ilnr 3 ,t tioing produced. 

ii\\> rt^nJty. The siw^^'U J*i»w*y of a meial powdci, 
tUOMihed wlirn On: voJum< receptacle U in|i^d nr v t - 
>r.>tftj dujing ltMihn|{ un<k;i spwiftcd ciimiilntti> 

U|i^jifi. O ii>)wi»ing ihc ouUiM of j n ie I (in j rurnnct io 
>jpi«iv« nolittn nicul. (2) Ucttn>vtng nreilcn ni^ul 
r.^im b luivicc. (J) fritting inlwnil Ihicid^ j 

urulih. .^»nf#<* diic^Kn uliim «f ^ *»»<ir| CftUS^d by fev- 

.a^iMin <»| « thin film ui' cnrrnsiitix prmJtiL-l. 
T«jb# prvii'M, A pruLiKt («r mnliiae cuireniciy Hue 

inwiittn,; * pldLd nl IwgCT-dilHiCICiT wire inlo 
.. gljhi fttjj Mjuk'hin^ ih< two to^cibci M K»h'i 
ik>»t^eranjrf.. 

IwiU-oJ mhctlw sirtnxih* f ; "*ct»re nr«i in u <miLh 
i«?iii,dc luii. Often uicd instead of rtiCicly "entteiivt 
♦umisih" if ftvuiJ Lxtiifuninn j»Vnn£ ttf« KVtml dtrf- 
irmti'iAf of wiwkivu strength. 
i*t ,Hn|. A jnioi in wlikh Ihe maniberi a*o ut 'tented in 
i'w fuifA f I > T. 




i^^Adag. Pi firing rrwll«n metAl turn a Ibdlo into ingot 
fhhIiK. Thr term u^lifli pttnl^wUiV h> ihr t^cirtv 
i^iaiiivn r*l pimiit.^ ciitrfi iron rtr iiiii inrti ingvt 
ittoldV 

'••ti.|>-r, (u In h^^UKvMi^ni. t»» «ehcw hardened stcc) 
uk »,anieitc<| t ui[ iron m snuid Umprmlurc below (Tk 
(MU'cl-jid i&ji\fU| ^tO;C fut Ihc paTpaie or rfcf.rc.niop 
'ii:rim!.\s :,(kI in<!lffcUng UHl^lkntf^. The pKKfSS ftl'j(.> 

i„ L.jtrnitiiiic^ 4py»licd to niiriiu(ii«J ttit«l (2> In tool 
.ii^K, tamper ic wmctinwik hut inniNUttlly, vur«l u> 
«'.-j-.nie <^>tbon couiitnt. M) In nortfemmt ull<iy* ^"^ 
m fowc fc»nMi> uIIm)*; (-.ircb triHi *;flnrt«i h« h*fd*ntd 
iw imji Irenlmrr^t). Ihc Kard<u» nnd M length pro- 
i»»'ced by nu duukal i»r lh«Tirul (rcftuiiciil, nr hinh* 
»nd <htfni ten /til h) A ceAaui umvlurw, mech.iniciil 
rtr^tticrtlCS or T»sl*it(iiin ID UC1 dwnji^ vtdd wufKini!. 
f *i To rt^ri.',i<:n vand frr vsiltiiA iiKfMn wlih W4»CT. 

(hift vio.'l^ hrld within, oi ara LitnleU tlovly 
Muvu^li, « ce.iiiin rAn^c of ICittptffuture beltiw tho 
baiMliuiniifion rwifi*?. Thi» hrirtlcncii i& maiiileMrtl 
:it Mi uj.wnrij ihlh in OnLiirc-ia-britllo iramiiinn icin 
r»r-ru|tuc. hut only rarely pioduiru.i Uiw value of it 
Juijioa in nr#ft in ft ^juwith hut icnsjon icu of thr 
ornhnitleJ ihHtminl. 



I* mpr? ntrlwD. Suik a.\ nAHtaUnx carbon 
tJttktper color. A thin, lightly ud he ring abide Hin (only 
a lew molocul*! ihi«*W> inui tnrm^ ^h<n ii icm- 
pe|«d *i * low lEWptfrqiiiTOi or for * snort lintc, in fair 
ni :i mildly UAidiiin^ AirrtfMphctt;. Tlte Cttlur, whtt fi 
mn^ci from straw m Dluo tlepvrtuing on the ihickncts 

of *hc OXidi- 4k in, varinh wiih bOlb tempering IlillC 

t*mpvr roiling. Light eoH rolunfl fiecl MmjvI. Thiv 
D>perfcttOA tt pOTiormeO n> unpTuve flataess, to min 

itltlic the ICiufenvy HmmiJ |in|iMilion of O/CIChu MrtiinK 

«nd iluttt, yrui ip obiHin the dcsiicd tenure vui uk- 
ih«nit4l proptniej. 

t«n>pr| llmc> In iCMMviim* «*»|dittg, pVl Of (Ik 

poiiwfcld uHeivU duriny wht^h the currcnr is yuhiM« 

for ttui^trm or \mit\ |«i|tm4M. 
t«h«lU Wrench. In remile wttlftg, ilw nitki ui' rncul 

mum toad to ori&iml ca^^sclikmuiI »rca. AF&a called 

uhimutr strength. Coninarc with .vi^W strength. 
krmiral pMse^ a ii>lid ^uhinun hovinc a restticicd 

rjiigtf of Lurppwitions, oiV cftd of Ok rjngc being a 

ptire rompftntoi of an alluy syiiem, 
Icrnuy allny, An nlloy ihul contain* lhic» ^findri^i 

CkllUillK. 

Urnt. An alloy of le*d eimMtnln« 3 to 15% tin, used 
as i hot dip C (wrting l ur steel rtiee! or pi Ma, Terntf 
coaling, which uc smooth and dull hi ttppflfliwicc, 
£ivt- the mrc\ better corrosion tcakitinvc »ml ^ftrwrtcc 
ils jhtlily H« bn fuWed. salurted «w painted. 

(««-ltMry crircp. Ace Ctrep. 

ttiriur*. in a ™»ly crystalline aegrtjaw, ih* M^tv uf dis- 
iributtun o{ crysul oricni«ii>i». In ihv usuuJ tense, 
it t\ lynonymoai with ytufrrftd oritmotiott. 

thermal analysis. A ttttflftoq Tor dfieraiining uanifw 
Autioii^ m ; ( mcUd by nttUig the ceih(Ur4tuiw M which 
UteTmfl ^rrwU «mr. Thcwi irroU ;ir« munifesied 
by changes tn ili^ *»f die plotted or mechanically 
traced hcaiin^ jnti tuoling curves. When such i!jt> 
&ic wcurcvl unikr nearly cqutlihrium ctTnUili\m> of 
ItcaiinK and e<x?linB. ihc mulmiJ i* u»niifton)y u**d 
Toe dtunnimnjt coruin critical tempcialures required 
fvM tbu tnnOn*tlioi> uf equilibrium Jlagnum. 

thermal elcttrornutlv* fot'Ci;. "TIk* rtecinunobve focw 
gKfKfiiwl in n citctih containing two ilhsimilar nwt- 
j)i when »ne juiMHou u ai * temperature different 

liutu Ihiil uf I lie ulbtf. StC fil.M> IttcrmprPHptr, 

tiifi/*i»i*J r»Mfcu», praeiure resulting fmm the preltnee 
i»f lemprratuic gradient ihul vary with tnrw in ^uct* 
tt manner « pioJuco cyLiic stresses in i itiucturc. 

tb«rmai vhock* The devcloj»rieiii 4 >f j jieep tempera- 
ture ^nwliem «Vl aeeomi^yipg hiph slreasef wjtb»A 

thermal spraying. A D uiup of Welding m allied pro- 
cesses in which Htiely divided metallic nr nonrncul- 
lk material > hc dtpO>ned t» a mulicn or semimnlien 
condit»ii w finm » aiming. The coning nimcftal may 
be in Hit h»rm W ^*d*r, ceramic rt^l, wire or mol- 
ten mjieriih See also/lumtf *prvym& t ptmma ipray- 

Ihtftfirml slrcnaRE. $tr*4iei nw4mt rumiUin^ rnim ruin* 
tmifimn lempcntltfrv tlitlrihuiitm. 

thcrmll rpiicilo»i* Sirougly cjmm hermit self-pTOpagat- 
ing rca<iitofis audi ni ihai where Tincly divided Alu- 
minum leavta widi ti mirty) oxkle. A mlxiure or alu- 
mlnt'in m^J fauf* ukkSe produce* sufftcknr ntai to 
Mttti the Ullcr nteiul bein^ produced tmnc ^eaciiub. 

theritdl w^Uog, Welding wfih hcai prodiiccd by ft* 

raKfiKHt *tf ^kiminuin with h tnei^l vnidvt h'lIM ^ticud, 
i< i^eil, is cvbi lined fioin wihtntun of on appfopriatc 

oxide. 

ihennocotjpU, a 4trvkc for nioniurU^ tempt niturtA 
cooiisting of length^ uf two dissimilar mciaK iir 
Iny^ That are cicciiically jiiined Hi one end and con- 
nected re « vol luge* nieui un ne instrument at die mhrr 
end When oim jun.:tum ix hotlcr than the oOki, » 
e\r*ir r utum+i> force is produced dial is nHivhly 
pmiHwikwMl iu ihc difference in iciviufntwc between 
ibe hot mpI cuUl junctitm\, 

thtrrrHimechuhlCil worVinj. A RCTwral term covering 
a vinery ul procciso Ciimhlnliig omlrolled Ihcnnid 
iind derormnliori apa.iiufin* in obtnin tynrrpbtic eT 
Jrcl* Rtirh ni liupfO^eDwnl in urcn^th without lots nf 
tu^rhnesv Ssjnu as iherm^-mechunicaJ treauneni- 

Ihltif. In elceiropljlt»§. time rptffrfr, 

TKomaa convener. A Esofewfimf convencf having a basic 
bollom and linmp, usuully dolomite, and employing 
a bflsic s)ft£. 

Ihree-polnl bendliiK. PeiHtlug of II piece of metal, or 
a Mruttiml fnember. in which dm uhjcu is placed 
kL(ii>i two nippons ftAd f«o« o upplM berween and 
in opposition to lMm. V.)ttnJ Hie. 



1 ru;t 



* fa- 



l accAiiiputt) my 



r PJhWiMiil 



oh lily 
i mcAil di 
C impa/e \ 



flirta*((uarlen hard. A 

and *oiH* ferrous alloy: 
to mile strength and hai 
those of tiQtfHmt and 

throat depth. On u 
djilurrtc from the center 
4m id ihe nearest point 

throiil ofafUlrt weld, 
ihe htgjttninfc of the 
to the hypottatisc ofthu 
be iasri ioed wiihiti the 
tuat) The >honeiL diataj 
111 ft*!, (elieeiivek The 
twA of the weld to ii* 
\m sJtetcfcffSi 

Wfittet WfUi. 

threuah weld. A 
indicate i weld of 
through dot; member of 
other mcmher 

throwing pow«r, "Pw 
produce ft uniform i 

lorly ihipcd culhotk 

llgif flH|M4. Continuous 
in the rolllnt diMCIiun. 

tight Hi. A i\tl\neh 
sncc lha BMcmhly or w 
drivlnp Ikhuq. 

TIG wftUHng. Ttmjgsrcri 
ttrm\ hmn, $ai 

tHt boonimry* A subgra 
array or cdfic dlttoiiutkim 

titt mold. A casting inobli 
roiaies rrom a hun/untal 
poof ing, which reduce 
minion and entrapnwnt 

till mttld Jneol. An in^oi 

time que w chin*. Intern 
time m thr inH.orhin< 

thmlng, CoBttnj rbctAl w| 
solder or brauro; filler 

tin p**l. A pul vmorphiv 
li in crumble into a b< 
uTwmlly accepted thai 
ftirnulion occurs <il 
tranvlurmllttOA C*H i> 

tin sweat. Soc i»rot. 
lb* tossing. OAlUUini: 

ing it rmm Oltt vessel 

Oru« that ii fintchdnir-ally 
TIR AbbMviaijim lor / 
TlV. Abbreviuiiiin lor 
toe crack. A base-mcial 
lot af weld. The jurwiiuf 

and the hue rOoloi ~ 

weft/. 

tOtfle prc«fi. A rntKhanioVl 
tcruftied by one w tnort 

Idltiritntt. The spectfted 
specified noittiiMi din 
Aliun in ii^c or other 

tolcnnce ItrrttU. 11k 
Of pemtuiblc vuiatibd 
acitrhtw j pan 

long itaiai Thr punion o 
one end. thai it gripped 
ienn>«i-d fnnti ihc p«n 
notion Coiit/nnn to 

(nnf'kt«l Any of a clans 
eoniimmlr used to make 
*cicn>td by Ingti hardtt9>» 
often ai^tnimrmnicd by 
to softening *\ ^/yvyieJ 
generally aiuined 
n'« — 
Ij A prtjtttlion or 
A SAw, milling wt nl 
ting. (2) A protection o 
segment *hcr«ol <j<t on 
example). dtfitghMl to > 
thereby trui.m nil force 
projection nit * fUl mi 
tooth point* ft> ° f*w rn»() 
ot the blade, to whkh 
produce a staving effect 
sketch Jiccompnny ing _* 
tn^vdnd'bolioai process 
cooper and nickel, U\ 
separated inio (wo 



/m/Nr uf n(Mtf^fIrtfl^ fttl<iys 
rhtusclerUcri hy *aI\}<z\ ui 
tuiJt" il«tu| piMtw^y tHitueo} 
tit* ' Iwrxt I cm] tcrs. 
re ^tMuntr welding michind, tlie 
\w ui ihe tikmuUt: - ih nbt 
if Irttctleretitc (or flut 
(Itfauitfliv'ttll The MmM* fn>i» 
uf (hO joint peiptfniteubr 
larf r j h i iru«fiic ihat 
lilki-weiq ci nw ^Clivih. tav- 
from Hw rout of a I'lllci to 
mmimum divwe iVoni trie 
a i mmuk imy icui^oitf Jrw;>i, 



nonpreXi rred icSrh kOmetime^ used tn 
laugrb made hy me limn 
b Up or let joint and iiuo the 



r toto i 
r*PUl 



tooth 
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nf a pi jn in* u^iiikim in 
dislnhulinn on an ifrecu 

with totvfrinx pi*Wff 

bright tifles tut jhePt K\np 

Tn of itlighi negftlive allow. 
Fiich requires a Ught picw or 

Intrt'&as welding; ace pic- 
tUng$t4n-uri- wrldinf. 

a lyiumlwy enn listing "f *» 

i, usually a buuV tnoht, ihj^i 
to 3 vesical puflllim during 
a^lUlttHi rtiuj thus the for- 
of oKidts. 

made in a titt mAki. 
Intemi|)tcd iiiiem-.ttinj; tr« which ibr 
iteditim is wmtrvll«d. 

a very thin tiyer of rooficrt 
ncttt. 

nodifkalUlrt or tin thui uwtcrt 
ponder andwn bs gray tin. it is 
tho iniuiniwn rata of vim 
AO *C 1-40 -Fl. hut 
t*l «s high a» i»»oirt II *<* 



imjuririM in mnhen tin by \*tnr, 
[to anolber in air, btnnlhs * 
scparoblc. 
indicator r^n4h\A^ 
ItulUtitnr vtiniitiw, 
^rack at the ro/ ot wfid, 
briwoen ihc Vauc of a weld 
sketch atCOtnpdriytns/ff/r/ 



picu in whkh the tlidr ii 
toggle links Of tnt^lianisfm. 
<rmluible deviation from a 
dinitff lion, or rne pcrndjsible vaii 
tp ntity charactcriXic Pf a purl, 
bwjndarfc* that dc(iJK she nng« 
in MM Of otlitr quaiity char- 

T a forging billet , tniihlly on 
hy lite opeiMor'i (tmga. ft is 
it me end or ibe r<"6»nn op* 
< rvp-hwtbW aod piQM«l>p< 



of cubon oiid olloy sucls 
rools. Tool ttceK nrv Lhttr 
and resistance to abraitno, 

» tUUghncSS and rtsixijfKC 

lempciature. Thcxc itlntmtr^ 
with hiflh CJii-on utHl itlloy 



a multipoint tool {*urh~as On 
HleJ designed to prtduct rct> 
the peiiphcry of a wheel or 
geur, spline oc sprocbccl. for 
another nirxhanisn) ai«it 
motion, or both. A slmtkir 

tyoh as a raclr. 
the chamfered cutting «rrliuff 
Mat U sometifnr* l>« 
und to improve flnich. 
fft/W. 

A iMOuefit for scrtactring 
Ii their rrwtucn culride^ are 
layers by the ftilditvait uf 
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Pfeaa Foxing Dlos t 18*19 
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Coining Ola* 



Gold Heeding Tools 

Cold Exlrualon Tools 

Tools for Drawing Wife. Bar end Tubing 

Cloaed-Dle Hot Forging Toot* . . , , . 

Hot Upset Forging Tooift 

Hot Exlfbflion ToollAO 

Dle-G&stlnQ Die? - 

Powder-CompftCtlnQ Toob 

Molda (or PlaeUct end RubMK 

ThTMd-floillno Dies : 

Gbqss 

Selected References on Tool Meteriqi* * 



TMe 5Kton wm condansad tram Mstils Handbook. Ninfn edition. Voluma 3 ftopfflleft M Seleetfon. Stain. 
Ins Stall, Tool iota/tali and Spadai-Purposa MM*, otps 419 to 559. mote Waited Worraatlpn en 
trig tort* covered In mis sectfon. tl*c raid* la fftlwrtd to *c work. Addition* JrtWw on tool matwuu 
SKrthSL* this vohimi ft in lollop inSm* (saciien ?7). H«t t™^« 

S) Jdniiw (Section 30) and McWtogfapny <Seceon 35). TM fwdtr mould ifw ctmwli rtw.inow tojocaia 
M«matlOA aoi ottwwiM cataoorUed. Listings of willed rBtwoncai and addttionil teecirHi tot turn** re- 
c«arth ne prttented at the end o> INS section. 



. 18*27 
.16-28 
. 18*29 
.1*31 
,18*1 

.ie<33 

18-35 
.16*35 
-16*36 



Introduction and Overview 



.Tool Steels. 



A 1 ( W>L S'l'I^L U any *Me1 us^d to miikc ic*nh 
f ri fitting, forming or otherwise shaping !i hW- 
M"iul mio a pun or component arfarnert in a def- 
, ii»:>c tttiu. Hm: oar lies i tool sreeh wete simple. 
jJ»U caihon Heels, hut beginning ill IHAti, nnd 
t> ft prwticr extent early in the 20lh cennify, f*vwy 
: implL's, highly alloyed tool Meek were dcvcl- 
"rvO. iMthoutfh plain carbon tool steels were first 
u.«d Md stilt ;trc employ til occasionally, ii i& the 
^.Vy tool yieels coniuimntf, among ruber eta* 
t'/evnts, relatively Urge anion n Is; of mngsieti, mn- 
ivMeaum. mun^n^w, vanadium ttnil chromium 
ttarhoave made i( ptteiiblB to meet incrcaiijigly 
•/vrn: waMcc (femonJi and to provide prtaier 
.-•ti".':^ ; vu:it control >nd rkscilom Jroni crocking 
Jicin^h^l utiainwnt. Many iilluy Uk>) steels arc 
a wulrly u st?** Cor mai-littvf ry compDnents aiid 
: in-ctnr:il upplicnrions vhcfr particularly severe 

in service, wn\i look are suttjotttd (a cx- 
N tty hijj.n lo^tt.v ihdl aic Applied rajriiJIy. They 
-Mil fc vi<hsun*i ihatt: kniis a grcai mimterikrtimw 
■■■-MtW.ir hicesti or undergoing cxccs&ivc wcor 
.->i il<:KirmArlon. I» many applicati*>i«£, ux>\ steels 
iTiua pruvkte \hh ryp:ihi)iiy nndrr coiulittims chat 
c^vlop hi^h !einp«nvt\trc> in Ihc 1 tool ^in^k 
i -m| mnt^riiil cntTihiiic«i n>axirnum level a nr' ivcm 
WHlilik&t t«ughncw. mid resis(nn<^ U> si)/ tuning 
• ilMWd Ttmp*riUiTTSi. Consequenrly, wclec- 
.'.m »/f ihe proper innl materia! for a given up 

t^innum v*tmhiHAtin» of propentev 

bio*t too! >ltrcK inn* wnvufht products. Hut pn* 
(.-.r-m car.iiiit'i enn be ur.ed to advantage in tioroc 
-ti:-:icoiic\n3 Tht pawner tn«allurgy (P/M) pro- 



cess also is uxed in making in<0 *ae«l». In bnih 
mill lorms and ivrnr-nei shape*. P/M mol steels 
rnuy provitk (a) more uniform curhide il/.c urul 
iliMnbnlirm rn larr*o »cui*>n* And (o> spefiAl CftiV- 
po>itiAna thiii .ire difficult or impassible to pro- 
duce hy inciting and costing and then mechani- 
cally working the c*wi produet. 

Ttml steels ore generally melted in sniRllnort- 
nagc cleLiiic furnace* tt> rcononkkAlry acKWvc 
compo^iiitin inienuktts, good cl^anneji and pre- 
cise control of me I line camlitinns. Sperio! refin- 
ing (uvd $cc<mU^fy rcmelling procc^«i have been 
intnidticed to intUfy particularly ditYieaU de- 
mwU nr^nr4infi tool siecl quality and perfor- 
mance. Tool mcuIs muju hove minimal decar- 
burizatiorv held *ithln caroruHy ci)nm»Jkd limits. 
Thit ieqi*ir*ft (hit inn^aling be done hy *peeiftt 
pn«M:Uur^$ muter ijojcly controlled conditions. 

The porfi>rmjnce of a tool in ncrvice depend* 
on proper de&ign nf iKv twij, acctintcy with u^hich 
the fru^l id made, selection nf the proper tool steel 
and aeplieutum of the proper heat treatment. A 
tfH^I ctn perform iu«xMifully in service only when 
alt (uur Of these requirements have been fulfilled. 

With few exceptions, aJI tool steels musl be 
heat treated to develop specific comtoinntlun* nt 
wear iesisi?ncc r resistance u» dcfnrmaiion nr 
breaking under high loads, cmd ic^tmxe to soft- 
en inc Jit elevated tcmpcrutures. 

CUSSIRCATION AMD CHARACTERISTICS 

Tabic I ^ives composition limits for the tuol 
«.ti-cU most commonly used todwy. F.nch gruup 
of loot RteeU oi jimilnr cnmpositimi. application 
or mode of quenching is identified hy it capital 
lelter: within each urtiup, indivkhud lool Meet ryj*S 
tire assigned mule numbers. 



High Spved Steels 

High speed Meets are llool materials devel«tp*d 
lufgely for usi in high speed cuitiny-iool ftppH^ 
caiiyns. Theic arc two cla ,s{|lvmi»ns of hijh ■speed 



sitck molybdenum high 



speed siceU <gto4tp M) 



and tunpuen high ffc&l (group T). Group 
M aiecK evntflftrte aboui 959fc of all high ipeed 
Urol prrwlucxil in (he United Stutr?. 

Group M and group T high ipeed steels are 
equivalent in peffomianre; ihe mqln Mlvantu^e 
of j*rOUp M Heel* ii lower* initial cost (itpprnzi- 
niatcly >lO/k lower than that of simitar group T 
Slvcl*). 

Morybdenum Ht^h cpsed steel* and tungsten 
high fcpeed ittell »re dinllur in >iifl'ty other re- 
ftpoctt. including h&rd* «Hllty. Typical appli- 
cation* fur group M an< group T steels Include 
eimittg tcnMs of all Ltod ^ Sonte ^ua)ts are *at- 
is/ttctory for cold work upptkBtiuni. Mich us cold- 
hcader die inieris, ihxeid-rolling dies, purn-hes 
and blanking dies. Steels of in* M40 micx ore 
uwd to make cuuln$ t^^U tor machining mort- 
em, very tough, higb-*o citfiih Jtccb, 

IVh- die UWftn and puithct. high speed .4tccW 
totn^rinic^ <»fl underhard-!»wd —that «. qitcnclied 
from au«enitiwng temperatures lower than tho&i 
recommended for cuHin^lOOl application* — 
a mcan?i t»f increasing tcvgbne&i. 

MohjbdeMfli fchja «pved itetill couudn srtolyt>dc^ 
hum, tuniiJFen, chromium, vanadium, cobalt and 
ciuboo ui principal alining eleioents. Croup M 
«tccU Kuvc slkglttly crenlcr um^hiWSS than jproup 
T stcdi ui the kame hardness. Otherwise, me 
chanical prii|«nies of Urn two groups we 3 i mi! at, 

hwrrtrtirtg the carbvu und vanadium contents 
of Eioup M Bleels incrci*cs wear rcsist»tw:e; io* 
creasing mc vobult concnt impiovtfB rod fund- 

18-1 
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